We performed a spectroscopic and photometric analysis to study new eruptions in two luminous blue variables (LBVs) in the Magellanic Clouds. We detected a strong new eruption in the LBV R40 that reached V ∼ 9.2 in 2016, which is around 1.3 mag brighter than the minimum registered in 1985. During this new eruption, the star changed from an A-type to a late F-type spectrum. Based on photometric and spectroscopic empirical calibrations and synthetic spectral modeling, we determine that R 40 reached T eff = 5800 − 6300 K during this new eruption. This object is thereby probably one of the coolest identified LBVs. We could also identify an enrichment of nitrogen and r-and s-process elements. We detected a weak eruption in the LBV R 110 with a maximum of V ∼ 9.9 mag in 2011, that is, around 1.0 mag brighter than in the quiescent phase. On the other hand, this new eruption is about 0.2 mag fainter than the first eruption detected in 1990, but the temperature did not decrease below 8500 K. Spitzer spectra show indications of cool dust in the circumstellar environment of both stars, but no hot or warm dust was present, except by the probable presence of PAHs in R 110. We also discuss a possible post-red supergiant nature for both stars.
Introduction
Massive stars experience some not well understood phases in their final evolution, such as the luminous blue variable (LBV) phase. Only ∼40 LBVs are actually known in the Galaxy and in the galaxies of the Local Group (Vink 2012) , indicating a short phase in the stellar life of ∼25000 years (Humphreys & Davidson 1994) . These stars, also named as S Dor Variables (van Genderen 2001) , are mainly characterized by episodes of strong mass loss (eruptions), resulting in irregular photometric and spectroscopic variabilities.
The role of LBVs in the stellar evolution of massive stars still remains an open question. In the temperature and luminosity range in which LBVs are expected, other types of objects are also seen, such as blue supergiants (BSG) and late-type WolfRayet (WNL) stars, rendering it difficult to identify each phase based purely on its physical parameters, even obtained from a deep analysis of the chemical composition derived from the stellar evolution models (Georgy 2012) . For the most massive stars, with M ZAMS > 40 M , it is believed that the LBV phase is a transition phase from the main sequence -or possibly BSG phase -to Wolf-Rayet, that is, the star transits from the end of Hcore burning to the beginning of He-core burning phase (Maeder 1983; Voors 1999; Ekström et al. 2013; Groh et al. 2014) . For lower masses (20 ≤ M ZAMS ≤ 25 M ), Groh et al. (2014) cite that the LBV phase can only occur in advanced stages of evolution, during the burning of He in the core of the star, associated with a post-red supergiant (RSG) phase and a pre-supernova (SN) stage (Groh et al. 2013b ). For stars with M ZAMS < 20 M , it is not expected that an LBV phase will occur during their evolution.
According to Voors (1999) , there are three types of variations that can be detected in LBVs: microvariations, with ∆V < 0.3 mag on timescales from weeks to months, possibly associated with non-radial pulsations; moderate variations, with 1 < ∆V < 2 mag and periodicity from years to decades, possibly associated with radial pulsations; and eruptions, with ∆V > 2 mag, without a precise periodicity and associated with the strongest mass-loss episodes, wherein the most extreme cases are also called great eruptions. The first two types of variations occur with approximately constant bolometric magnitude, but this is not the case for the third case. It is important to emphasize that these values of ∆V were derived for Galactic LBVs and can be lower for low metallicities objects. A star needs to be observed during an eruption, presenting both photometric and spectral variations, to be classified as LBV, otherwise, it can be only classified as an LBV candidate (LBVc).
However, the physical mechanism that triggers the eruptions is still not well known. It could be related to high rotation (Groh et al. 2009a) , radiative pressure with a modified Eddington limit (Lamers & Fitzpatrick 1988) , turbulent pressure (de Jager 1984) , internal dynamic mechanisms (Stothers & Chin 1993; Glatzel Article number, page 1 of 25page.25
arXiv:1712.01972v1 [astro-ph.SR] 5 Dec 2017
A&A proofs: manuscript no. R40_R110_production & Kiriakidis 1993), binarity, or a combination of some of these mechanisms.
Luminous blue variables are characterized by high mass-loss rates (10 −7 ≤Ṁ ≤ 10 −3 M yr −1 ), low or not very high expansion velocities (v ∞ from 50 to a few hundreds of km s −1 ), high luminosities (log L/L > 5.5) and high effective temperatures (8000 K ≤ T eff ≤ 30000 K). As noted by Humphreys & Davidson (1994) , LBVs are located in two main strips in the HR diagram, related to the quiescent and eruptive stages. The effective temperature in the eruption phase seems to be constant for all LBVs, but during the quiescence it seems to be a function of the stellar luminosity.
In this paper, we present the detection of new eruptions for two LBVs in the Magellanic Clouds R 40 and R 110, based on new spectroscopic and photometric data. In Sect. 2, we describe these two stars. In Sect. 3, we present our observations and the public data used in our work. In Sect. 4, we analyze the data and discuss the results for each star. The conclusions of the paper are presented in Sect. 5.
Our sample
In this work, we present the detection of new eruptions in two LBVs from the Magellanic Clouds RMC 40 (SMC) and RMC 110 (LMC).
RMC 40 (LHA 115-S 52, HD 6884), hereafter R 40, was the first LBV detected in SMC (Szeifert et al. 1993) . Its V magnitude was reported as 10.73 mag by Feast et al. (1960) and 10.48 mag by Stahl et al. (1985) . Szeifert et al. (1993) reported a V magnitude of 10.25 mag and they showed the spectral change of R 40 from B8Ie (Feast et al. 1960 ) to A4 in 1993, characterizing a typical LBV eruption. The visual brightness of R 40 reached a maximum of 9.8 mag around 1996 (Sterken et al. 1998) and after that it started to decrease. The physical parameters determined by Szeifert et al. (1993) are T eff = 8700 K, log g = 0.75, M Bol = −9.4, R = 280 R , and a current mass of M = 16 M . The identification of this LBV in the SMC indicates that low metallicity environments do not prevent massive stars from evolving to this phase.
RMC 110 (LHA 120-S 116, HD 269662), hereafter R 110, was identified as LBV by Stahl et al. (1990) . R 110 was the faintest LBV classified at that time and was classified as M Bol = −8.9. The first suspicion of its variability was cited by Stahl et al. (1984) . A discrepancy in the B9Ieq classification from Feast et al. (1960) was shown by Stahl et al. (1985) , in which R 110 was classified as an early A-type star. According to Stahl et al. (1990) , the visual magnitude of this star increased from V = 10.5 mag in December 1980 to 9.99 mag in January 1989 and the spectral type changed from B to F0. In contrast to the other LBVs, this star has not shown significant mass-loss rate variation between the quiescent and eruptive states; this value iṡ M = 10 −6 M yr −1 . The physical parameters derived by Stahl et al. (1990) are T eff = 7600 K, log g = 0.45, R = 310 R and a current mass of M = 10 M .
Observations

High-resolution spectroscopy
We observed these two stars with the Fiber-fed Extended Range Optical Spectrograph (FEROS) mounted at 2.2 m ESO-MPI telecope at La Silla Observatory (Chile). The instrumental configuration provides a resolution of 0.03 Å/pixel (R ∼48000) in a spectral range from 3600 to 9200 Å. The spectra taken in 2005   Table 1 : List of high-resolution spectra used in our study. The spectra marked with an asterisk were observed by us and the others were obtained from ESO public data archive. The exposure time is associated with the number of spectra obtained. were reduced using MIDAS routines developed by our group, following standard echelle reduction procedures. The data taken between 2007 and 2016 were reduced by the ESO/FEROS pipeline. The S/N ratio is between 60 and 120 around Hα. We complemented our data with public pipeline reduced spectra from FEROS and the Ultraviolet and Visual Echelle Spectrograph (UVES) obtained from the ESO Archive. The UVES spectra have a resolution from 40, 000 to 100, 000 in a spectral range from 3000 to 11000 Å, which varies according the observing configuration. Table 1 lists all the spectra.
Normalization, cosmic ray cleaning, and equivalent width measurements were done using standard IRAF tasks 1 .
Photometry
We performed 12 observing campaigns from 2014 to 2017 at Observatório do Pico dos Dias (OPD/LNA, Brazil), using the 0.6 m telescope Boller & Chivens, with 21 nights of effective observation. For these observations we used the CCD Andor IkonL with an E2V CCD42-40 detector (2048×2048 13.5 µm square pixels). The stars were observed using U BVRI filters. The observations were reduced via our own routines for PSF photometry. To convert the instrumental flux to magnitudes, we compared values of field stars taken from the UCAC4 catalog (Zacharias et al. 2013) for B and V filters, DENIS catalog (Cioni et al. 2000) for I filter, and stars taken from other catalogs from the Simbad database (http://simbad.u-strasbg.fr/) for R and U filters, using an iterative Monte Carlo comparision method. There, hundreds of groups of randomly chosen stars in the catalogs were compared to R 40 and R 110, obtaining their magnitudes. We assumed the median of these values. The error is estimated as the median absolute deviation from the derived magnitudes. The results of our photometric observations are shown in Tables 2a and  2b . Photometric data obtained from the literature and public archives were also used to obtain light curves (LC) for these two objects. We collected data from various photometric sources: Manfroid et al. 1991; Sterken et al. 1993; Manfroid et al. 1995; Sterken et al. 1995) and from van Genderen (1982; 1998) . Other photometric data taken from the literature are described in Table 3 .
These data are available in the Johnson photometric system, except the data from the LTPV survey, which uses standard Strömgren filters. Thus, we converted the LTPV data to the Johnson system, via the relations provided by Harmanec & Božić (2001) .
Data analysis
4.1. R 40 4.1.1. Light curve
In Fig. 1 , we show the light curve for R 40. The first reported eruption for R 40, which was identified by Szeifert et al. (1993) , is clearly visible. This eruption started in approximately 1987, probably reaching the maximum in 1996 and had a V magnitude of approximately 9.8 (Sterken et al. 1998) . However, there is a lack of data from 1996 until 2000, hampering the confirmation of this maximum estimate. We identified a new eruption that started in 2005, as can also be seen in Fig. 1 ; this eruption has not previously been reported in the literature. This is an ongoing eruption, where the maximum brightness was probably reached in the middle of 2016, when R 40 had V ∼ 9.2 mag. Szeifert et al. (1993) mentioned that R 40 was the brightest star in the SMC during the first eruption, and since it is even brighter now, it most likely continues to be the most luminous star in that galaxy.
After this probable maximum, the light curve has a drop off almost 0.1 mag just few months later. This fast decrease is not expected to happen, especially compared to the behavior of other eruptions, and its cause is not known.
As we can also see in Fig. 1 , the minimum brightness just before each one of these two eruptions has a different value. Previous to the 1987 eruption, R 40 appears to have had a constant magnitude in the V band, V ∼ 10.6, in contrast to V ∼ 10. 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 Year V (mag) Table 3 ; and upward triangles indicate the median of the AAVSO (Vis.) data of each year with standard deviation error bars. The vertical lines represent the observation dates of the spectra listed in Table 1 .
R110
Spectral characteristics
In total, we analyzed nine high-resolution spectra (seven FEROS and two UVES) to study the spectral variations of R 40 during the last 16 years. We identified two different behaviors: one for the spectra taken from 2000 until 2008, and another for those spectra taken in 2014-2016 (see Fig. 2 and A.1).
2000-2008 (quiescence):
The spectra taken from 2000 until 2008, which correspond to the period after the first eruption and just before the new eruption, the so-called quiescence, do not have significant variations. They are similar to the spectrum of a B-A supergiant (see Fig. A .1), as previously reported by Szeifert et al. (1993) .
From the spectrum taken in 2005, we also derived a mean radial velocity of 169 ± 10 km s −1 , obtained from lines of singly ionized metals in pure absorption, especially Fe ii, Cr ii, Ti ii, and Mg ii. This value is lower than that derived by Szeifert et al. (1993) , 189 ± 5 km s −1 , obtained using lines of the same ions. This fact means that the lines observed by Szeifert et al. (1993) may have been formed in an expanding shell and not in the photosphere of the star. Feast et al. (1960) In the spectra taken in 2006-2008 (see Fig. 2 and A.1), the lines of neutral and singly ionized metals clearly became more intense, indicating a gradual decrease in temperature and the beginning of the new ongoing eruption. Absorption lines of singly ionized metals, such as Fe ii, Cr ii, Ti ii, and Si ii, dominate the blue part of the spectrum.
A few Fe ii lines have P Cygni profiles in the spectra taken in 2005-2008, but not earlier. These profiles present one or two variable absorption components. The same is seen for Balmer lines, which present intense P Cygni profiles (Fig A. 2) with variabilities in both emission and absorption components.
Forbidden lines are commonly seen in the quiescent phase of LBVs, but they are not seen in our R 40 spectra. This is probably caused by a remaining effect of the first eruption, causing an increase of density and avoiding the formation of these lines. However, Stahl et al. (1985) also reported the absence of forbidden lines during the previous quiescent stage, i.e., before the first identified eruption.
2014-2016 (ongoing eruption):
The spectra taken from 2014 until 2016 changed from the previous B or A type to a late F-type, corresponding to the probable maximum of the new ongoing eruption and the formation of a pseudo-photosphere. From the visual comparison with spectra from the ESO UVES-POP catalog (Bagnulo et al. 2003) , we noted that they are very similar to the F8Iab type spectrum of HD 54605 3 ( Fig. 2 and A.1). This late F-type spectrum is very uncommon during an LBV eruption, which is normally associated with a late A or early F-type.
Concerning Hα and Hβ, they both show weak P Cygni profiles with some variability (see Fig A. 2). On the other hand, the other Balmer lines are seen in pure absorption (Fig A.1 ). Regarding He i lines, in contrast to what was reported by Szeifert et al. (1993) during the first eruption, these lines have completely disappeared in the spectra taken in 2014-2016.
Another dramatic change is related to Ca ii H and K lines ( Fig. A.1 ). Until 2008, during the quiescent phase, these lines were narrow and had a clear separation of the interstellar and circumstellar components. This shape completely changes in the 2014-2016 spectra, in which they appear broad and intense and with the different (stellar plus interstellar) components blended, very similar to a F8Iab star spectrum. The low excitation potential of these lines indicates their formation within a cool pseudophotosphere, as seen during the eruption of other LBVs (Mehner et al. 2013 ).
In addition, in the red part of the spectra (> 7000 Å), the Paschen lines did not have strong variations in the quiescent and eruptive stages, appearing as single-absorption profiles. Some lines from Ca i, Mn ii, Fe i, Fe ii, S i, S ii, Ti i, Ti ii, and some sand r-process elements, such as La ii, Eu ii, and Ba ii (and possibly Sr ii, Sc ii, Nd ii, Y i, Gd ii, V i, and Yb i), appear only in the 2014-2016 spectra (see Fig. A 
.1).
A radial velocity of 172.5 km s −1 was derived using the center of the metal lines present in the spectrum taken in 2016.
Physical parameters of R 40
Deriving the precise spectral type for B-A stars, such as LBVs in the quiescent phase, is not an easy task. Using some empirical spectroscopic criteria, based on equivalent width ratios, we can estimate the spectral classification for B supergiants in the Magellanic Clouds (Lennon 1997) . These criteria were later extended to G-type supergiants by Evans & Howarth (2003) and Evans et al. (2004) . However for LBVs, the lines can be largely affected by wind contribution, making this classification very uncertain, especially considering Balmer and Fe ii lines, which are mainly formed in the wind. Thus, we preferred to use the calibration based on Mg ii 4482 Å/He i 4471 Å equivalent widths ratio from Lennon (1997) , Evans & Howarth (2003) , and Kraus et al. (2008, Fig . 3 ), which are probably less affected by the wind.
For A-type stars in the SMC specifically, the criteria of Evans & Howarth (2003) , considering the equivalent widths ratio of Ca ii K/(H + Ca ii H), can also be applied. However, these lines are dependent on log g, which may differ in LBVs and normal Article number, page 5 of 25page.25 A&A proofs: manuscript no. R40_R110_production Table 4 : Effective temperature estimations for R 40 and R 110, based on different spectroscopic and photometric criteria, where >A2 corresponds to spectral types later than A2. Notes. 1-Spectral type and T eff were estimated from Mg ii 4482Å/He i 4471Å ratio; these measurements were only obtained for spectra for which the lines are not blended; 2-T eff was estimated using the relation for spectral types from Humphreys & McElroy (1984, Tab. 2) (HM84) and Evans & Howarth (2003, Tab. 5 ) (EH03); and 3-T eff was estimated from (B − V) 0 . Owing to the uncertainty in the reddening, the error is σ T eff = 1000 K for T eff ≥ 9000 K and σ T eff = 500 K for T eff < 9000 K). The references are 4- Feast et al. (1960 ), 5-Butler (1972 ), 6-Dachs (1970 ), 7-Ardeberg & Maurice (1977 ), 8-Stahl et al. (1985 ), 9-Szeifert et al. (1993 ), 10-Mendoza (1970 , and 11-AAVSO. The other values are from this work.
supergiants, and H is affected by the wind. In addition, for all F-type stars with low log g, the Ca ii H and K lines become strong and their ratio goes to 1. Based on the polynomial relation between intrinsic (B − V) 0 color and T eff proposed by Flower (1996 , Table 5) 4 , we can also estimate T eff for R 40, using B − V colors from our various observations (the median for each year) and from the literature. In addition, using the relations between the T eff and the spectral types from Humphreys & McElroy (1984, Tab. 2) and Evans & 4 There is a mistake in the caption of that table. In the original caption, the cited polynomial equation is (B−V) 0 = a+b log T eff +c log T eff 2 +..., but, as we could not reproduce the results using it, we inverted it to log T eff = a + b(B − V) 0 + c(B − V) 2 0 + ..., thereby reproducing the results correctly.
Howarth (2003, Tab. 5), we could also estimate T eff of this star in different dates.
The results from these spectroscopic and photometric criteria indicate a strong temperature variability for R 40, from approximately 12000 K in the 1960s, during the quiescence, to 5750 K in 2016 (see Table 4 ).
We also used the spectroscopic calibration proposed by Kovtyukh & Gorlova (2000) for F-G supergiants, based on linedepth ratios of some unblended metal lines (see Table 1 in this reference, and the relations number 6, 7 and 22). We obtained T eff = 6100 ± 200 K for the spectrum taken in 2014, which is similar to the results from the photometric calibration.
Some additional computations were also made using Neugent et al. (2010) polynomial equations, which resulted in an unArticle number, page 6 of 25page.25 derestimated T eff . This conclusion was also obtained by Mehner et al. (2013) for the LMC LBV RMC 71 (R 71). Thus, we discarded these results in our analysis.
Concerning the reddening of R 40, it is not well determined having been derived by different authors, as E(B − V) = 0.07 ∼ 0.14 mag (Szeifert et al. 1993 ) and E(B − V) = 0.09 ∼ 0.16 mag (Schlafly & Finkbeiner 2011) 5 . For our work, we assume the mean value from both authors of E(B − V) = 0.11 ± 0.05.
Modeling using moog
We also decided to perform a spectroscopic analysis of R 40 using the LTE code moog (Sneden 1973, recent version) and the spectra taken in 2005 and 2014 owing to their high S/N. We chose unblended Fe i lines to derive T eff , microturbulent velocity and iron abundance. Table 5 shows the Fe i lines employed in our analysis, their excitation potentials (χ), values of oscillator strengths (log g f ), and the measured equivalent widths from the spectra taken in 2014. The χ and log g f values were taken from Lambert et al. (1996) and Castro et al. (1997) . Only the lines with equivalent widths smaller than 180 mÅ were used for the determination of the atmospheric parameters.
Assuming log g = 0.5, we estimated T eff by the solution of the excitation equilibrium, where T eff is derived by the zero slope of the trend between the iron abundances calculated from individual Fe i lines and their excitation potentials. The microturbulence velocity (ξ) was derived by forcing the abundance determined from individual iron lines to be independent of the equivalent width (see Fig. 3 ). Using the local thermodynamic equilibrium (LTE) models of Castelli & Kurucz (2003) , the following atmospheric parameters were derived: T eff = 6500 K, ξ = 8.2 km s −1 , and log ε(Fe) = 6.86 corresponding to [Fe/H]=−0.64 6 , assuming the solar abundance of log ε(Fe) = 7.50 (Asplund et al. 2009 ).
The effective temperature derived by this method is in agreement with our previous estimates, but it needs to be seen with caution because strong non-LTE effects and the absence of hydrostatic equilibrium may affect the pseudo-photosphere of R 40, which may have an even lower log g than those available by Castelli & Kurucz (2003) Using moog, we also derived the CNO abundances from the observed spectra taken in both the quiescent (2005) and eruptive phases (2014). The nitrogen abundance was determined by modeling N i lines located around 7440 -7480 Å and 8600 -8730 Å. In Fig. 4 we can see our best model fit achieved for a nitrogen abundance of log ε(N) = 8.55, corresponding to [N/Fe]= +1.25 for the 2014 spectrum. It is important to cite that the lines in the 2014 spectrum display prominent asymmetric blue wings that are not well fitted. Such asymmetries may originate from the expansion of the pseudo-photosphere.
From the 2005 spectrum, our best fit model provides a nitrogen abundance of log ε(N) = 8.65, corresponding to [N/Fe]= +1.35 (Fig. 4) , assuming T eff = 9000 K, log g = 1.5. 
Values for χ and log g f were obtained from Lambert et al. (1996) and Castro et al. (1997) . Concerning the oxygen abundance, we fitted the lines at 6155.97, 6156.95, and 6158.17 Å in the spectrum taken in 2014 and obtained log ε(O) = 8.0, representing [O/Fe]= −0.2. This abundance is higher than derived by Venn (1997) , who estimated log ε(O) = 7.7 from spectra observed close to the maximum of the first (and hotter) eruption.
We also estimated the carbon abundance using the lines at 7465.45, 7470.09, 7473.31, and 7476 Å, resulting in log ε(C) ≤ 7.4, equivalent to [C/Fe]≤ −0.5. The low carbon abundance does not allow us to determine the carbon isotopic ratio of 12 C/ 13 C, which is an important tool to identify evolved stars (Kraus 2009 ).
The spectra of R 40 during the eruption also show lines from s-and r-process elements, such as Ba ii, La ii, and Eu ii. We calculated the europium abundance fitting the Eu ii line at 6645 Å (Fig. 4c) , as log ε(Eu) = 0.90, corresponding to [Eu/Fe]= +1.0. For this modeling, the hyperfine splitting was taken from Mucciarelli et al. (2008) . The lanthanum abundance was determined as log ε(La) = 1.95 ([La/Fe]= +1.4) from the 2014 spectrum using the line at 7483 Å. We performed the same calculation to derive the barium abundance, using the Ba ii line at 6142 Å (Fig. 4d) , including the hyperfine and isotopic splitting taken from McWilliam (1998). Our best model corresponds to a barium abundance of log ε(Ba) = 2.40 ([Ba/Fe]= +0.9). This Ba ii line is very strong and can be affected by NLTE effects, thus, our result has to be taken with caution. However, even considering the uncertainties of our modeling, the enrichment of s-and -r process elements seems to be real.
The projected rotational velocity, v sin i, of R 40 was also derived from the comparison of observed and synthetic spectra. Analyzing several metal lines that are present when the star is in the eruptive phase, we derived v sin i = 23 ± 2 km s −1 . On the other hand, during the quiescent phase, the modeling of the Mg ii line provides v sin i = 36 ± 3 km s −1 . However, it is well known that atmospheres of supergiant stars are affected by strong macroturbulent motion, which was not considered in our synthetic spectra calculations. Thus, the values of 23 and 36 km s −1 have to be considered as upper limits of the projected rotational velocity during the different phases.
Discussion about R 40
As already mentioned, this new eruption of R 40 that started in 2007 is probably stronger than the previous eruption in 1988, based on its higher maximum brightness. The comparison of our 2014-2016 spectra, which correspond to a F8 supergiant star, with the spectrum reported by Szeifert et al. (1993) as an A4-type, confirms a much cooler temperature during the second eruption. It is important to mention that the spectrum from Szeifert et al. (1993) was not taken during the maximum of the first eruption, but probably not so far from that.
In addition, the estimated effective temperature from our modeling with moog of T eff,2015 = 6500 K is almost 1300 K lower than the value estimated by Szeifert et al. (1993) for the first eruption. However, the apparent F8Iab type of our spectra indicates an even cooler temperature, around 6200 K for Magellanic Clouds supergiants, based on Humphreys & McElroy (1984) relation, which is also in agreement with our results using photometric and spectroscopic empirical calibrations. Concerning log g, the value of 0.5 adopted by our moog modeling is the lower limit available in the Kurucz grid of equilibrium stellar models, and it is 0.25 dex lower than the value derived for the first eruption (Szeifert et al. 1993 ). However, the true value can be even lower, since no hydrostatic and ionization equilibrium is present in a pseudo-photosphere.
Thus, even considering the effective temperature estimated by moog, it is clear that R 40 became one of the coolest identified LBVs with a temperature similar to that reported for the ongoing great eruption of R 71 (Mehner et al. 2013) . It is also important to cite the similarities among the eruptions of both stars, indicating that R 40 is probably facing its first observed great eruption.
Article number, page 8 of 25page.25 Table 6 : Bolometric magnitude (M Bol ), effective radius (R/R ), and log g for R 40 in different epochs, based on the V magnitude and bolometric corrections (BC) from Humphreys & McElroy (1984) . We assumed A V = 0.3 ± 0.1 mag for R 40 and a distance modulus of DM S MC = 18.90 mag for SMC. In the Year column, Q means the quiescence and E the eruption stage. Assuming the color excess of E(B − V) = 0.11 ± 0.05 mag (Szeifert et al. 1993; Schlafly & Finkbeiner 2011 ) and the empirical R V = A V /E(B − V) = 2.74 measured by Gordon et al. (2003) for SMC, we could estimate a visual extinction of A V = 0.3 ± 0.1 mag. Thus, assuming the SMC distance modulus of DM S MC = 18.90 mag (Laney & Stobie 1994) , the current mass of M R 40 = 16 M and the bolometric corrections (BC) from Humphreys & McElroy (1984) , we estimated the bolometric magnitude (M Bol ), the effective radius of the pseudo-photosphere (R), and the log g for R 40 in different epochs, as can be seen in Table 6 .
The effective radius of R 40 has increased by a factor of ∼5 since the star left its quiescence before 1985. Our results also point to log g = −0.1 for the pseudo-photosphere, which is much lower than the value used by us in the moog modeling. On the other hand, for the true quiescence of this star in 1960, we derived log g 1960 = 1.25, which is compatible with a blue supergiant star. For 1991, we derived log g 1991 = 0.78 and for 2005, log g 2005 = 0.85, indicating the star might not be in true quiescent phases because it was probably still affected by the material from previous eruptions.
Considering the temperature variation as the source of R 40 brightening during the ongoing eruption, the expected ∆V (V apparent magnitude variation) should be only the difference of the BC between the two epochs (quiescence and eruption). In our case, the spectral type changing from B8I to F8I, represents a changing of BC from −0.51 to 0.05, giving us a ∆V (M Bol =const.) = ∆BC = 0.56, which cannot be explained just by the observed ∆V = 1.4. This means that an increase of bolometric luminosity of about 0.8 mag seems to be necessary. However, this increase needs to be seen with caution owing to the uncertain circumstellar extinction and especially the uncertain brightness of R 40 and a possible UV excess during the quiescence. It is also possible that we are underestimating M Bol during the quiescence because the bolometric correction for LBVs may be different from normal supergiants.
Considering the position of R 40 in the HR diagram (Fig. 5 , top panel) associated with the evolutionary tracks with SMC metallicity from Georgy et al. (2013) , we concluded that R 40 is a star with M ZAMS = 25 ∼ 32 M . Its position on the evolutionary tracks points to a transition phase between BSG and RSG phases. However in these tracks, the LBV phase is not expected. On the other hand, considering tracks with solar metallicity from Ekström et al. (2012) , shown in Fig. 5 (bottom panel) , there is a blue loop after the RSG phase, allowing stars in this mass range, such as R 40, to reach the LBV phase, owing to the mass loss during the RSG and yellow hypergiant (YHG) phase (Humphreys & Davidson 1994; Oudmaijer et al. 2009; Groh et al. 2013a ). In addition, R 40 has crossed the Humphreys-Davidson limit (Georgy et al. 2013, top panel) and for solar metallicity (Ekström et al. 2012, bottom panel) are also shown. In the bottom panel, we indicate the regions where LBV phase may occur according to Groh et al. (2013a) . (Humphreys & Davidson 1994 ) during this ongoing eruption, confirming its nature as a strong eruption.
This post-RSG scenario for R 40 would be supported not only by its low mass and luminosity, enrichment of nitrogen, and s-and r-process elements, but also by the probable presence of a dust shell, which is expected to be formed in the RSG phase (Waters et al. 1998; Voors et al. 1999; Voors 1999; Lamers et al. 2001) . However, based on Spitzer IRS spectra, obtained from the Combined Atlas of Sources with Spitzer IRS Spectra (CASSIS)
Article number, page 9 of 25page.25 archive 7 , no strong silicate bands were observed. In Fig. 6 , we see the Spitzer IRS spectrum of R 40 and also, for comparison, the spectrum of R 71, where these bands are present, indicating the existence of a warm dust nebula (Wolf & Zickgraf 1986; Voors et al. 1999) . No PAH feature was identified in the IR spectrum of R 40. Thus, we could not find any evidence of hot or warm dust around R 40. On the other hand, the IR excess after 13 µm points to the possible existence of cold dust emission. This is in agreement with Oksala et al. (2013) who studied the K-band spectrum of R 40, identifying the presence of a double kinked continuum, as seen for YHGs, which may be associated with both a cool stellar photosphere and an infrared excess owing to cool dust. Thus, these authors suggested that R 40 is an LBV in an eruptive stage, as confirmed by us.
Concerning the mass-loss rate during this current eruption, we used the relation betweenṀ, T eff , v exp (expansion velocity), and L/L from Davidson (1987) (Eq. 4 and Fig. 1 in this reference), obtainingṀ 2016 = 1 × 10 −4 ∼ 1 × 10 −3 M yr −1 . For this rough estimate, we considered the same initial expansion velocity of v exp = 10 km s −1 , as assumed by Mehner et al. (2013) for R 71, which is a reasonable value for LBVs. In addition, as carried out by Wolf et al. (1980) for S Dor and by 7 http://cassis.sirtf.com/ Mehner et al. (2013) for R 71, we also derive the mass-loss rate of R 40 applying the equationṀ = 4πµm H n H v exp R 2 . Assuming the same density parameters (µm H n H ) for the wind of R 71 from Mehner et al. (2013) , R = 750R and v exp = 10 km s −1 , we obtainṀ R 40 = 5 × 10 −4 M yr −1 . These two determinations have large uncertainties and we should consider these as just a rough estimation of the mass-loss rate. However, if such high values are really representative, we are observing an increase in the massloss rate of about 100 times for this ongoing eruption compared to the value derived by Szeifert et al. (1993) for the quiescence ofṀ 1991 = 8 × 10 −6 M yr −1 .
R 110
Light curve
In Fig. 1 , we can see the maximum of the first detected eruption of R 110, reported by Stahl et al. (1990) , which reached V ∼ 9.7 in 1993. We discovered the presence of a second eruption, starting in 2005, but with uncertain maximum brightness owing to the lack of observations. Using AAVSO Visual band data, which is very similar to V band, we obtained a maximum brightness of V = 9.9 ± 0.2 mag around 2011, which seems to be the peak of this second eruption. This maximum is similar to that of the first reported eruption. From data obtained in 2016, we can see the visual brightness of R 110 is decreasing, probably returning to the quiescent stage. The minimum between these two eruptions seems to have reached V ∼ 10.9 in 2005-2006, which was fainter than V = 10.5 of the first measurements in ∼ 1981 (Stahl et al. 1990 ) (see Fig. 1 ).
Spectral characteristics
The spectral variability of R 110 between 2005 and 2016 is less intense than that observed for R 40 (see Fig. B.1 ). The spectrum in this period is similar to an LBV in a quiescence, i.e., similar to a late-B or early-A spectral type with strong P Cygni profiles in the Balmer lines and lines of singly ionized metals, such as Fe ii, Cr ii, and Ti ii. We do not have any spectra for R 110 close to the maximum of this current eruption around 2011 and our analysis may not reflect all the spectral variations due to this new eruption.
The presence of forbidden lines, mainly [Fe ii] and [N ii], with approximately symmetric line emission profiles, can be used to estimate the radial velocity of R 110, v rad = 265 ± 5 km s −1 . These lines are more intense in the spectrum taken in 2005, indicating the star was in a quiescent period with no signal of a previous pseudo-photosphere. After that, these lines became weaker, indicating that a new cool pseudo-photosphere was formed.
Similarly to R 40, the Spitzer IRS spectra (Fig. 6 ) of R 110 shows no silicate bands. There is also an IR excess after 13 µm, which is less intense than that observed in R 40 and may also point to the presence of cool dust. We identified some possible PAH bands in the region from 6 to 17 µm, as shown in Fig. 6 . Voors (1999) cited that PAH molecules can be formed in oxygenrich environments of LBVs owing to either the destruction of CO molecules by the UV radiation from the star or the shock of the current faster wind with the slower wind of a possible previous RSG phase. The possible band at 16 µm, and also the strong peaks at 33 and 35 µm seem to be due to reduction problems.
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Stellar parameters of R 110
From the Mg ii/He i equivalent widths ratio, we could estimate the spectral type and effective temperature of R 110 (see Table 4 ). In 2005, the star reached its highest temperature, T eff ∼ 10500 K. Then, it dropped to about 9000 K in 2007 and 2014 and to about 8500 K in 2016. This decrease of temperature from 2014 to 2016 is not expected based on the light curve behavior of R 110, and it should be taken with caution owing to the possible wind emission contamination in the He i lines.
We also used the same spectroscopic and photometric criteria as for R 40 to estimate T eff for R 110. The results are also shown in Table 4 . Davies et al. (2005) used the equivalent widths of the Si ii lines at 6374 Å and 6371 Å and of the He i line at 6678 Å to determine the spectral type and temperature of LBVs, comparing the equivalent widths to measurements for standard Galactic stars. Using this relation, we found almost the same temperature for R 110 in 2005, 2007, 2014, and 2016 , which was on the order of T eff = 10000 ± 1000 K, resulting in a higher temperature during the eruptive phase than derived by other methods.
Since no Fe i line was identified and Fe ii lines have P Cygni profiles (see Fig. 7 ), no modeling with moog was possible for R 110.
Considering the extinction of R 110, there are two different values for E(B − V) reported in literature, that is, E(B − V) = 0.44 ∼ 0.75 (Schlafly & Finkbeiner 2011) and 0.1 ∼ 0.2 (Stahl et al. 1990 ). The color excess from Schlafly & Finkbeiner (2011) seems to be overestimated because this star is located in a region with inhomogeneous reddening (Imara & Blitz 2007; Dobashi et al. 2008) . Thus, the value from Stahl et al. (1990) was assumed by us to be E(B − V) = 0.2 ± 0.1 mag.
Assuming the relation from Humphreys & McElroy (1984) as the source of bolometric correction, we estimated the bolometric magnitude (BC), effective radius (R/R ), and log g for R 110 in different dates. The results are shown in Table 7 , where it is possible to see a variability of these parameters during the second eruption, which is not as strong as seen for R 40. For log g estimation, we assumed a current mass of M R 110 = 10 M (Stahl et al. 1990 ).
Discussion about R 110
In contrast to what was seen for R 40, R 110 is nowadays experiencing a weaker eruption than the first eruption reported by Stahl et al. (1989) . The analysis of its light curve indicates that the maximum intensity in the V band of this new eruption is about 0.3 magnitude weaker than in the first eruption, reaching V = 9.9 ± 0.2 mag around 2011. However, this maximum is not well determined owing to the lack of data between 2011 and 2015.
Based on the spectral variability, Stahl et al. (1989) reported an F spectral type in 1989 for R 110. On the other hand, based on our analysis, it remains an early A star from 2005 until 2016. None of our estimates point to a temperature lower than T eff = 8500 K for the current eruption, which is higher than T eff = 7600 K reported by Stahl et al. (1989) for the first eruption. It is important to note that our analysis is incomplete because we do not have spectroscopic data close to the probable maximum of the eruption in 2011.
Between these two eruptions, the star stayed for a short time in a true quiescence between 2003 and 2004, when it reached its minimum and presented a B9 spectral type (Table 4) and V = 10.9 mag, similar to the values described by Feast et al. (1960) before the first eruption. This spectral type corresponds to T eff ∼ 10500 K for stars with LMC metallicity.
Based on the light curve, we can also see that during the first observed eruption, the star showed a brightness increase during more than 10 years (∼ 1982-1993 ) and a similar time period for its brightness decline (∼ 1994-2003) . On the other hand, the new eruption showed a much shorter brightness growth, going from the quiescence to the maximum of the eruption in around 5-7 years. This may indicate a higher mass-loss rate during a shorter period for this new eruption compared to the first eruption.
From our analysis for R 110, we found an almost constant M Bol = −8.8 ± 0.2 mag, assuming the reddening from Stahl et al. (1990) . This value is in agreement with the literature and it includes R 110 in the group of low luminosity LBVs, which may have previously passed through a RSG phase.
The T eff and M Bol estimated for R 110 points to a location in the HR diagram in which the evolutionary tracks from Georgy et al. (2013) indicate a transition phase from BSG to RSG for stars with 20 ≤ M ZAMS ≤ 25 M . However, as was also cited for R 40, these tracks do not predict the existence of the LBV phase.
The most remarkable point in the spectral analysis of R 110 is the variability of radial velocity related to P Cygni multiple absorption components seen in Fe ii and Balmer lines (see Fig. 7 and B.2, respectively). The appearance of these multiple components is possibly due to different shells in the expanding wind, which are formed by an increase of the mass-loss rate during the eruption or, as in the case of AG Car (a Galactic LBV), by dramatic changes in the terminal velocity and mass-loss rate owing to the bi-stability jump effect (Groh et al. 2009b ).
Conclusions
We have identified new ongoing eruptions for two LBVs in the Magellanic Clouds, R 40 in SMC and R 110 in LMC. These two new eruptions are occurring in very different scenarios: R 40 is experiencing a strong eruption that is much stronger than the previous eruption observed in 1996; and R 110 is now passing through a weak eruption that is weaker than the previous eruption in 1994. Our results confirm the suggestion made by Oksala et al. (2013) , based on K-band spectra, that both stars should be suffering eruptions.
From our study, based on new spectroscopic and photometric data obtained by us, and supplemented by data from the literature, we derived physical parameters for both stars in different phases: quiescence and eruption. R 40, due to its new eruption, became one of the coolest LBVs already observed with T eff = 5800 − 6500 K. During the quiescent period between the last two eruptions, R 40 still showed evidence of the effects from the first eruption: absence Article number, page 11 of 25page.25 A&A proofs: manuscript no. R40_R110_production of forbidden lines, a lower visual magnitude, and a lower effective temperature than during the quiescent phase previous to the first reported eruption. From the modeling of observed spectra during the ongoing eruption, we identify an enrichment of nitrogen and r-process elements. These results, associated with the possible presence of a cool dust shell, indicate a post-RSG nature for this object. An enrichment of Ba was also derived, which is not seen in other post-RSG stars (Şahin et al. 2016) . R 110 had, between 2003 and 2004, a true quiescence with the presence of forbidden lines, strong P Cygni profiles, and maximum visual magnitude, keeping the same spectral type compared to the previous quiescence, as reported by Feast et al. (1960) . It is most likely that during the quiescence, R 110 had an effective temperature that was not higher than 10500 K. On the other hand, because of the new eruption, the temperature dropped to not lower than 8500 K. Based on its low luminosity and temperature, we cannot discard a post-RSG nature for R 110 either.
Based on our estimated parameters for both stars in different epochs, we can see in Fig. 5 how R 40 and R 110 are evolving from the quiescence to eruption and vice versa in the HR diagram. As for each star just two eruptions have been recorded, it is not possible to derive a periodicity for these events. Thus, an observational campaign, associated with photometry, spectropolarimetry and high-resolution spectroscopy, covering not only the V band but also other bands is definitely necessary to follow up these eruptions and better derive their characteristics, and also identify new eruptions. A deeper abundance study is also necessary to confirm a previous RSG phase for these low luminosity LBVs. 
